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ECONOMICS 

The .{Jridg of euR'rous '6?cjde -varies withthaf 
of -cppper iriigM; the average' annual graces 
in tfie lattjted StJit^ fpr the period 
1983 afe/ShOMm in Table 1. These pri?*S aHf- 
Q^|0it's[(ie.d '&om.d^'ta <obfaine!d ihroi^gh th^ 
UlS. Separtmeni of Gommercfe,' A\s9 
,sbown in Taiile j atp' ijie- t'OirespQndirig-, 
■shfpmenrs of cuprous, pjdciV.dMiig. pe- 
xiod. The nVajofit^ of cuprous 'bxide sWp- 
totcnls lepprfed ip.tTie .U.S. Department of 
ICdinijiaei^ce; by damestic raamifachirers 'is. 
b'^li^Ved to be consumed |n Hie manuQfkci- 
:tUFe of an'fifouling .pai^ '^t ibY^#irtieiiit, 
commercM, arid ;jilgasu?ieclna|f ihip "bot- 
iQnjs;' the. i:6pprt.dpe:s npt diaerentiate be?- 
twieeix gpyeranient and pnvate eonsump- 
mm nor does it distiiiguish between 
}>iginent and nonpt^ent appIicatioiis» 
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Table 1 Coprous Oxide Sbiptnents and 



Year 


Tons 

Shipped 


Average Annual 
MeeiS/lb) 


1977 


3459 


0.84 


1978 


3532 


0.98 


i97J> 


4i66 


I.i4 


.1980 


4'78d 


• 1.21 


1^1 


5135 


1:04 


X982 


4883 


142 


4993 


r:-23 



"riie treaitnient of ,s;hij) 'bottoms to prevent 
ioU]iiigl)y irtafineJife has been. traced to the 
5th century h.c, but the use of copper as an 
antifoulant. does not appear to have been 
suggested until 1825 when a patent y^ts 
granted for k composition that pijbbsbry 
iCDiitained copper, Much: has b'een said 
" about ccipper .sheathing of ship.tiottoms of 



ancient times, but the first authentica:ted 
use of copper sheathing oh wooden ship 
bottoms was on HM.S. Alarm in 1758. The 
first American naval ship to be copper 
sheathed was the frigate Alliance in 1781. 

Copper '.pravjded a good.anlifoullng suf- 
fsice, 1but if could no longer be used when 
wood wais replaced by steel for ship bot- 
toms because of the corrosion df steel pro- 
duced by the galvanic action between cop- 
per and iron in .seawatep This i$ where 
cuprous oxide ibund its liiphe -iq liistoQt^ 1% 
can be used in paint for .ship bottoms to 
prevent fouling by marine life wittiput cau^r 
ing harmful (jorrqsicili of ^t^el hf ^vanic: 
j&ctioh.. 

Because of the poor and variable .perfor- 
mance of early antifbuiing paints and be- 
cause of their high mflitary importance', the 
navy decided aroun^. 19(^' tp ;d&y^qp' aliid 
produce itsown antifqnfii^ t>BI!its. Icid 
to th'p desfelpprperit i>f many siicoeisgful an- 
lifoiiiirig paiihtfQnnulatiohs (see Table 2). 



TajlflefZ iRcp'resentaliv^ pa&bm^B% Saint Pormulations Callii^ fictr 
Sfie'cifictifioq Cuptouf Qxlde as Pigment (see Ttib'I'e 3) 



Paint F(>fiQtUation 



^jCifiiiuIa NiijijbeF 



HIL-P-15931B' 

Pajnt, Antifoulihg, Vinyl, &ed 
SirL-P-16189B 

Taint, Antifci.uliiig,, Vinj?!, Black 
MliL-|'-l?449B 

Baintj Amifoiiling, Cold J>l'aSstic., 
MlL-P-194iilB 

Paint, AnUfouIing, Cold Plsstic, Ship Bottom 
.HH^P-19452A 

Paiiitt Antifoulittgj Mot Blaslic, -Ship Bottom 
■MlL-P-22'29^A 

Painl, Antifouling, Polyisobtitylene 
qGS-529^3 

U.S. Goast t>u'ai:<i, ViityU Red 
CGS-52-:3C 

U.S. Coast Guard. Vinyl< fed 
CGS-52P-fi 

!U.S.<.Coa^t Guarji. Vinyl, Red 
FS-ll-63 

@oast Guard ^rchase Deseiipttoni Vinyl, Red 
tT?-Pril7A 
Paint, Atttifouling, bottom 



1^1/^3 
129/63 
146/59 
Navy 105 
Navy 15 HPN" 
134 

NDRC-AF-14 
toRC-AF^-14 
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MAJOR REASONS JFOR USE« 

Cuprous .oxide is one of the oldest and -one 
of the most effective antifoulants. Fouling 
of ship bottoinis by .marine life results in loss 
of s|iip speefi, overconsumptipn of fuel, 
coFTOSion, anU more frequent drydocking 
(to remove the fonling growth). Saroyatf 
credits the development and use of effec- 
tive antifouling paints (that permitted U.S. 
naval vessels to stay out of drydock for 18 
months rather t^an ttie Usual ? . months) -as 
ihitru'm^nt^ in subs'tant£a|ly sbbilt^fairig the 
war with lapan. 

Fouling consists .of a variety of oiean^ 
isms whic^t attadh Qiemselves to 0%'ects im- 
inensectiti seawater or fteshwater incluiiyng 
?uch things as baniacfes, worips^ algae, 
nioss, or seaweed, Thc jatler three are re- 
ferred to as grass in marine circles. These, 
vary m species and in intensity of growth 
with water temperature, degree and coinpis^ 
sition of the salts dissolved in the water., 
li^t ihl&nsUy., and water currents: A gb'od 
ref(Srencfe fojr greater detail pii fpuiing is 
j^dirlnii, PoiiBiig and Its Ffeventton, pre- 
]pared for the Bureau of Ships, Navy Be- 
pat^timent,. by Woods Hole: Oceainbgraphic. 
Institution in Woods Hole,, Massachusetts- 
It »jsob'tfunable -from the U..S. Naval Ihsti- 
tnte- of AnnapdliSj, Maryland^ and printed 
by GeoFg^ ]B9nt9. Do,, Inc;., jW[enas})3> 
fconsjf!.. 

VVith thesB great Variations possible in 
tbfe type.^'d amount of fouling, it is under- 
standable that rio.one antifouling material is 
ideal ajiainst. all types of foulingj. particu- 
larly if t^e vessel:^ in its travels, will be exr 
posed to varying, conditions, Many . of ^e 
better grades of commercial aiitifoujiiig 
pajn.t^ p^Teir^cF t^d^y for ^hips tji^t .tiravc] lp' 
varibus parts of the world will often have 
•a combination of two or more antifoulants 
for maximum effectiveness against the 
variety of fon'iirig organisms- they will en- 
counter; 

Vessfels whose travel is linuted may of- 
ten 6bt^1n satisfactory results with smaller 
qli.ai}titie$. ;oT a single antifoulant. This is 
p'artlc.ularly trfie if they are confined to 



freshwater. Cupcous oxide is frequently 
used in conjunction with tributyltihi com.- 
pounds, such as tributyltin Oxide (TBTO) 
or tributyltin fluoride (TBTF), in the anti- 
fouling paints used on coifiriiercial vessels 
engagcKl in far-reaching or v/oridwifte travel' 
todaji. Mercury, arsenic, and otganolead 
compo&rids have also :been .used as anti- 
foulants In paint in the past but find little 
use today,-, since mercury and arsenic- com- 
pounds in antifouling paints are not jpermit- 
ted by the gbverufhenls of most af the .ma." 
jp'r counlpes; aDd,o'rga,a<5ieaa anfifouiahts, 
silthdugh perinitt^d by Xjreat Bntain and 
some otber countries, are not viewed favor^ 
ably by the Environmental Erofecfibn 
Agency oif the United States. 

The quantity df cuprpjjs oxi'dei may vary 
from 20 to .Sfi^. by v/.eight in .anlifouling 
paints where it is the dirily toxicant. It has 
bB^,n determined' that a paint will provide 
effective antifouling protection under averr 
age conditions if a minimum of 1 jng Cu/lOO 
em^ jC^f Ipakt surface) go$ intd tsoltitlop. in' 
24 h. The rate of soliitioii can vary iii i;sp.e- 
oific jbrln.tiia with ih,t temperature, flo.vy, 
arid galiiiity of .the water. Ah antifouling 
paint using cuprous oxide must have its 
hinder icomposTtibn adjusted for water ;rer 
siistance to enable the copper to solu'bilLze 
at^i suj^<jient rate to prevent fouling bjjt, not 
at a rtfatejri^y .faster fate wljic;h would cie- 
piete the copper ^0lttfent fljm top fagr 
idly and reduce fee effectiVS life of th^- 
Qoatiiig, 

In certain., formications,, where color is 
irnportant ^lack antrfoiiling paints tor sul> 
marines'), cuprous oxide must gi ve way to 
alternate anfifouling agents tjr used v^th 
t|iem, 14 Jceae^.! years., loWjer t|.ctdigg' 
^trepgth grades of jiurple cilpKpuS. ojdde 
have fou^d increased usage m a vaiaety of . 
colors where the color of the cuprous oxide 
can be masked by Other pigments. White, 
very clean pastel shades., and somS bright 
clean solid colors cannot be made using 
high percentages of quprous oxide and i-ely 
on tributyltin t;ompound^ fpr the' ahtir 
foulani. Special diipeFSton techniques have 
increased the variety of colors that can be 
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obtained when using cuprous oxide in 
h'ghter or cleaner shades. 

Presently Available antifouling coatiogs 
that contain cuprous oxide have protected 
ship bottoms effectively for periods of np to 
3 years. Specify fomiulatied coatings us- 
ing cuprous 'oxi&c with tributyltin com- 
pounds and applied in multiple coats are so 
desigrted that the tpXicant-depleted suffice 
layer of ■antifoiiliiig paint becomes meehini- 
cially weaker than the undepleted underfilm. 
and also changes color. This depleted, layer 
can be. scrubbed off-by a diver or by a radib^. 
controlled devic* on a mechanism referred 
to as a SCAMP without the vessel gbiiig 
Mto drydock.. TWs exposes ufldepietfed an- 
fifouling ■.coating which iias the same color 
SLS wheh the coating was onginally applied, 
and enables the ship l6 operate for another 
lengthy period without drydocking. Th(s 
procedure has a large cost advantage oyer 
periodic drydoctcing and dp^ bat take .the 
S,hii3 put of spyvib^ Siacfe it cSn be jfccom- 
plished dockside while the veSs.ej is loading 
or iiniGading. Vessels using this syitem 
have gone as long as 5 years between dry^ 
dockings. 

Other uses for cuprous oxide are as a 
flmgiciye in horticpltufe control prep,9ra- 
tiog.s %nd. >ps » coloi^Qt iii ceramic glazesi 
and glkssissi, 



pure copper anodes. The cell temperature 
is kept below 90°C to minimize the genera- 
tion of cupric oxrde. TTie fineness of the 
cuprous oxide can be controlled through 
variation of the cunrent density and salt 
conceiitrajtibn, jPaiiicie size decreases with 
increasing current density and increasing 
salt concentration. A typical .Current den- 
sity is 40 AI&. The cuprous oxide siudges i? 
filtered, washed, "^d dried at low tempera- 
ture. The finer the particle size becdmes,. 
the more the re.d cdlcSr imp^-oves. Still finer 
.j>.a^dl6 siiise, dbiafnable also through the 
:adaitidn of lyophilic protein colloids such 
as glue, renders the cuprous oxide yellpw'. 
Electrolytically .produced cUprpus oxiij'e 
tends to be un.stable as depo.slt^id but may 
be stabilized' fey various ireatine.nts (e;g[, 
jfaity a,cids,def triq). 

SM'eral m^tir U.S. manufacturers use 
controUed processes that involve the pjuda- 
fion of finely aSvided metallic copper at 
f700--1900°Fi gtinding^ arid classifjfiiji; 
These prgducts are of high quaU.ty:^ stable, 
agaiffsf dxi.dafiOn.„ apd meet the military, 
^ci&caitions required f£>r today's antifouf'- 
ing i^igfnent grad^^: 
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PIGMJSNT MAtNUFACrOKg 

Commercial processes used in the manu- 
facture of cuprous oxide, include electroly- 
sis, Gxidatiori and grinding of metallic cqp- 
per particieSi partial oxidation and grinding 
Of copper precipitates, gdndiiig .of copper 
sc^Ak,-,. and varibtis chemical processes that 
are proprietary'. 

ilie electrolytic process''^ is ^predomi- 
■nantl.y used by .foreign producers for 'the 
production of high-purity fine cuprous ox- 
ide; The process involves electr<jiysis of a 
Solution df sodium chloride (cdntaining a 
small laftiQunt of canstic soda) betw.een cop- 
per fslectrodes in a djaphragm cell. Since no 
refinement takes place, it is essentia] to use 



Th^ griSdes of cuprous oxide used within 
the pstirit faidustry have essentially been re- 
duced to three iiiajor types.* Tiiese .p?g-- 
meSiits aife of equal qualify and roeet the ris 
^jrements of KJlL--P-15i'6.pB coveting tfie 
jprocnrement of cuprous oxide for aiitifotil- 
ing paints. The major diffejceinCes between 
•these' .pigments relate to pajrticle Size distri- 
butions virjutih are a fe'siilt of the techniques 
used to manufacture, the pignient. These 
dififerences can be noticed visuaUy fay the 

• TTic lower-quality Ipigment grades, dbtiuss'ed in. llie 
previous edition of thik Iian'dboolc ^:n6 l.^ngc^ u^d 
as pigmetlt grades, because bbth paint man'u'facturer^ 
and u sers Nave standardized bn tlic higb.er-^ndity p|s- 
tncnts which liave proved their superior cdnsisl'enty 
oyer tiie laiit 20 yrars over tli'e slightly jess expensive 
pigment gr^ides that- were made piimarily from indus- 
trial hyiprdaudilS. 
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l-JiB Cnprons Oxide 



color of the cuprous ojude pigment. Each 
grade has i.ts own advantages. The red cu- 
prous oxide has been Tefeired to as High 
Tint and is preferred My some paiiit manu- 
fachirers who manufacture red antifouling. 
paints. The purple pigment-is referred to as 
Low tint and is widely Used Id ail applica^ 
tibns because its low tint strength Etllows 
the ,i}^nt manufacturer td produce, a wider 
range of Stored antffqiuling paints, espe- 
cially blues, bl^ks, arid greens, for govem- 
rnent, commercial, and pleasurectaft paint 
jriarfcets. The third grade has been reiFerred 
to as Lo Lq iZiwr and allbws the paint manii; 
fa&tln'ei- t(? produce higher-clarity colored 
sintifbuling pain^ fpr jspeji:;}^ appJic^lipns. 

CttmulatiVB pjuHicI^' sbsfi di^ibiijOlon 
cjiTvejs for and purple grades are given 
in Fig. 3 and reveal the nnich finer particle 
size of , the red pigment. 

The spectral reflectance curves given in 
Fig. 2 for the red and purple grades jjf cti- 
proUs pxidies cleariyshpw the ciiiffefeocsis.jjf 
tti? risflfScfaii^e of light frpjb 'these, fjvb pig-' 
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Fig;. 1. Cumiitairvc panicle size aistribulian iurves 
for commercial grades ptirple (low iinl) and red 
(higli tint) cqprpus oxide (Coulter center}. 
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2. .Specltal reaectahce catves for comincrci^ 
:puiple Qoi^ tiiii) :an4. red. (high dnt) cuprous cadd^ 

merits : Figure 3 is a phbtpmicrpgrSph pf 
.fcommercial ,dra^ Red (high tint) cjiiprbus 
bXi'die> 




Fig., 3. El^trpii photqmiciroBraph orj«'d'(hi8b Uitd 
cuptiue-aTiiSti: 
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Table 3 Pjriiperty Spedficatipn^ for Qiprous Oiide Used in Antifoulinfi Bainis 
(Incomplete) ? 



Cuprous oxide (GuiQ), miriimum (%) 
Cuprous oxide + free copjj.eT, minirotiqi (i^) 
Total copper, minimum (%j ' 
Tpl^i reducing power as GiO. minimum (%) 
Melals other than copper maximum (Si) 
Cupnc:oxide-(t5uQ), iriaximujri (%) 

Combinpd.cWorides as cj apd sulfates as S64.. maximum (%) 

Acetone-soluble juatter, ma^iiitGag].'(%) 

Water, maximum (%) " 

fiesidncj tptal, 325 mesh sieve, maxiin.utn (^) 

Stabiliiy: loss of total i-ediicing powerj inaxiaiAm°{%> 



Military 

MIL-P ASTM 
I5169B B912-fiS 



9S.0 
5*7 J) 
|.6,0 

=97;0 

6;50- 
NS° 
65ff 
.0.50 

•:0;3,0 

is 

1« 



97.0 

86:0 
97.0 
0.5 
NS" 
Q.50 

0:56 

0.5 
2.0 



■^'tSS " not specified. 
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Table -3 Dsts themajbrproperties demanded 
of a cuprous oxjcid! (JiM is MSed in mj'tifbu!- 
'ing ftaiiits as specified by two standaird 
Spepifisations. The tivo U<S. raajiirfaQfni-ja^ 
preisentiy producing cuproas dxi^dito ineet 
these' two specifications, are giv^n ,ih 
Taple 4. 



Table 4 Mdhitfa.dDrere of Aiiltfoulirig 
Csprous Oj^deO^lgineiii Meeting Sfsn^d 



A^aijufacturer 
Cbdir(g.aiid 
iFrade Jffames 



Militajfy 
JMIL-P 



A5TS1 
D9.12-65** 



ACM 
Red! 

(HighTint) 
JHiiple Copp 
(Lpwyiiit) 

!{LoLoTbit) 
SCM 
AA Purple 
.(Low Tint) 



M 


M 


M 




M 


M 


M 


M 



* M = meets spediffcatibhs-. 
' Meets sp.ecm.catt.()n ejcc^Rt "for 97;bfe miiiiihuin cu- 



prpus oxide. 
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